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SUMMARY
The amorphous dielectrics a-C:H and BN were deposited on III-V
semiconductors. Optical band gaps as high as 3 eV were measured for a-C:H
generated by C^-JQ plasmas; a comparison was made with bad gaps obtained
from films prepared by CH4 glow discharges. The 1on beam deposited BN films
c exhibited amorphous behavior with band gaps on the order of 5 eV.
LT>
cv Film compositions were studied by Auger electron spectroscopy (AES),
^ x-ray photoelectron spectroscopy (XPS) and secondary 1on mass spectrometry
(SIMS). The optical properties were characterized by elUpsometry, UV/VIS
absorption, and IR reflection and transmission. Etching rates of a-C:H
subjected to 02 discharges were determined.
INTRODUCTION
Thin dielectric films can be useful for semiconductor passivation,
insulation, and encapsulation. In view of the rapid advances that have been
made in very high speed digital and microwave integrated circuits development,
there is a continuing need to deposit and characterize a variety of films in
order to meet the stringent requirements of the technology.
Amorphous hydrogenated carbon (a-C:H) (refs. ,1 to 13) and boron nitride
(BN) (refs. 14 to 20) films exhibit properties which may be suitable for
semiconductor applications. In the case of a-C:H, hard, transparent,
homogeneous films can be prepared on different substrates. Electrical
resistivities as high as 1015 n-cm and breakdown fields as high as
107 V/cm are achievable (ref. 10). The deposits can withstand aggressive
chemical environments (ref. 11). The optical energy gap is sensitive to the
deposition parameters. Hard, transparent BN films can be formed on various
materials. BN, a high temperature dielectric, is a promising candidate for
insulation, masking, and passivation.
In the present study, we report on the film compositions of a-C:H and BN
using Auger electron spectroscopy (AES), x-ray photoelectron spectroscopy
(XPS) and secondary ion mass spectrometry (SIMS). Optical properties are
obtained by elUpsometry, UV/VIS spectrophotometry, and IR reflection and
* transmission.
EXPERIMENTAL
a-C:H films were deposited on Si, quartz, GaAs, and InP. The substrates
were placed on the grounded anode of the parallel plate reactor; the upper
electrode was capacitlve'y coupled to the 30 kHz power source. Methane or
butane glow discharges were generated for the experiments.
Low energy (150 eV) Ion beam deposition utilizing borazlne produced thin
BN films on Si and quartz for two temperatures: 200 and 350 °C. Attempts to
deposit BN on GaAs, InP and Ge were unsuccessful due to adhesion problems.
Compositional depth profiles of the a-C:H and BN samples were obtained by
AF.S and SIMS. Both methods utilized 3 keV Ar ions for sputtering.
An Al anode, subjected to 10 keV electron bombardment, provided the Ka
radiation for XPS measurements. The Au 4 f-//2 Une at 83.8 eV on the
binding energy scale was used for referencing.
ElUpsometric studies were performed using a rotating analyzer
elUpsometer. A He-Ne laser and a Hg arc lamp produced the incident light.
The multiple angles and wavelengths method was applied to the experimental
data (refs. 21 and 22). At least five angles of Incidence were used at each
wavelength. Refractive indices and extinction coefficients for S1 were taken
from the work of Aspnes and Studna (ref. 23).
The reflection and transmission characteristics at normal Incidence were
determined 1n the IR (2.5 to 50 ym range) with the use of a computer
controlled spectrophotometer. The sample compartment was continously purged
with dry ^. Absorption studies 1n the 0.19 to 3.2 ym range were also made
by spectrophotometry. The slit width was 2 nm, and up to 200 data points were
accumulated from each sample. A blank plate was positioned in the reference
path for background suppression. The difference between the film and quartz
plate reflectivities was not taken into account.
RESULTS AND DISCUSSIONS
a-C:H Films
A surface profiler was used to determine film thicknesses. The
deposition rate, G, as a function of plasma power, P, for a C:H deposited on
Si is shown in figure 1. The hydrocarbon source is C^Q, and the chamber
pressure is -170 mtorr. At 150 W, a rate -185 A/min is attained. The results
suggest that saturation occurs at the highest powers. A similar trend is
observed 1n a-C:H deposited on InP by CH4 discharges (ref. 9); therefore, 1n
the first approximation, deposition rates resulting from CH4 or C^TQ
plasmas may be described by the same chemical kinetics. However, the
hydrocarbon source can have a marked effect on film properties.
Film analyses by AES and XPS show carbon to be present (ref. 8), with
occasional traces of 1nterfac1al oxygen (up to 4 at %) .
A SIMS depth profile of a-C:H deposited on GaAs using C^-jg is presented
1n figure 2. The CH* (X = 0,1,2,3) distributions are uniform 1n the film, but
they drop to lower levels 1n the vicinity of the carbon-GaAs interface. Thus,
different H-C bonds (ref. 24) are produced in the film by the plasma radicals
(refs. 12 to 13). Furthermore, the oxygen level that 1s present 1n the film
is not detectable by the AES technique. In addition, the Ga* and As*
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signals are higher during the first several minutes of sputtering, in contrast
to the levels associated with the rest of the film. This effect can result
from signal enhancement generated by adsorbed oxygen (ref. 25).
A Tauc plot, i.e. (AE)1/2 versus E, 1s shown in figure 3 for
a-C:H(C4H-|Q. 150 W, 170 mtorr, 23 °C) deposited on quartz. The absorbance
1s A, and the photon energy is E. The band gap, E0, is determined by
fitting the absorption data (e.g. see fig. 3) to a model describing interband
optical absorption in a noncrystalline solid (ref. 26). A linear relationship
between (AE)1/2 and E is characteristic of an amorphous material.
Figure 4 summarizes the dependence of E0 on plasma power, P, for
a-C:H deposited on quartz using CH4 and C^io- In both experiments, the
chamber pressure 1s 170 mtorr. We note that higher values of E0 (fixed P)
are achieved when depositions are made with C^ip,- At 50 W, we find E0
~3 eV; in contrast, the highest band gap for methane-derived films is
-1.8 eV. Ellipsometric results on a-C:H prepared by C^IQ discharges
suggest that the variation in EQ versus P (see fig. 4) is related to film
inhomogenelties. This concept.has not been tested for a-C:H obtained from
CH4 films made with a pressure of T70 mtorr.
The etch rate, ER, of a-C:H subjected to an 02 discharge (refs. 27 to
31) (etching conditions: 100 W, 170 mtorr, 23 °C, 0.5 min) was Investigated.
Part of each sample was protected by a S1 mask. Step height measurements were
made With a surface profiler. Spot check of the thickness measurement using
ellipsometry was also done, confirming the surface profiling result. In
figure 5, ER is plotted as a function of plasma power. The substrate is Si.
(Deposition conditions: CH4, 315 mtorr, 23 °C.) The etch rate decreases
with power, indicating that the film density and/or chemical bonding is
increasing. The Ar ion etching rate (3 keV),of a-C:H grown on InP (identical
deposition parameters) also drops as P increases (ref. 9).
BN Films
\An AES depth profile of ion beam deposited BN on Si is shown in figure 6
(200 °C). The film contains oxygen and carbon. The same results are obtained
for the 350 °C deposition.
Analysis of the Bis lineshape by means of XPS indicates the presence of
boron-nitrogen bonding. Contributions from elemental B, and 8203 are not
detected because of the low signal-to-noise ratio.
Near surface analysis of the BN films was made by SIMS. The following
ions are Identified: B*,B* C*, 0*. S1*. Si* and S10*. The peak observed
at 14 amu can result from N , CH * and S1
The reflection (R 1n arbitrary units) and transmission (T) spectra
for ion beam deposited BN on Si are shown in figure 7. The ion beam energy
and deposition temperature are 150 eV and 200 °C, respectively. Bands at
1370 and 800 cm-"1 (associated with the B-N stretch) (ref. 17) are noted,
Indicating chemical BN bonds in the film. N-H and B-H bands are not
observed. The additional valleys 1n the transmission spectrum arise from
the S1 substrate (ref. 19).
A Tauc plot for an 1on beam deposited BN film on quartz is Indicated
in figure 8 (200 °C). The absorption coefficient is a. A band gap value
(ref. 26) of (5.0±0.4)eV Is determined. The band gap characterizing the
350 °C deposition 1s (5.1±0.4)eV. These results are in agreement with the
values reported elsewhere (refs. 17 and 19). It is believed that
<20 percent of the BN film exhibits the cubic structure, with the remainder
being amorphous (ref. 20).
The three phase model of ellipsometry was applied to the BN optical
data. The refractive index n as a function of X is shown 1n figure 9.
The extinction coefficient is either zero or vanishingly small for
X > 546.1 nm, which is consistent with the absorption data (fig. 8). A
decrease in n occurs as X increases. In addition, n (fixed \)
decreases with increasing temperature (ref. 16). The Ar 1on etch rates of
BN at 200 and 350 °C were calculated; the lowest etch rate 1s associated
with the sample prepared at 200 °C, suggesting densificatlon and/or a
change in chemical bonding (relative to the 350 °C deposition).
An attempt was made to fit the ellipsometric data to a four phase
model. No Improvement in the fit occurs when the fourth phase 1s an
interfadal layer. If the optical properties of the uppermost component
(thickness ~100 A) are assumed to be different from the rest of the sample
(ref. 32), the variance 1s decreased by a factor of 5. Numerically, the
top layer has a lower refractive index. The absolute value of n (fixed x)
is approximately 5 percent higher than the corresponding value (identical
X) plotted in figure 9. This qualitative result is Independent of the
deposition temperature.
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Figure 1. - Deposition rate G ver-
sus power P for a-C:H film
deposited on Si using C^Hjg dis-
charge at 170 m Torr.
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Figure 2. - SIMS depth profile of a - C:H deposited on GaAs.
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Figure 3. - Tauc plot (AE)*'2 versus E for a - C:H de-
posited on quartz. Deposition parameters.- C^Hjg,
150W, 170 m Torr.
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Figure 4. - Optical energy gap E0
versus deposition power P for
plasma deposited a - C: rt on
quartz using CH4 ( D ) and
C^Hjg ( • ). The chamber pres-
sure Ts 170 m Torr.
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Figure 5. - Etching rate ER as a function of deposition power P for
a - C : H film deposited on Si. Etching parameters: C^, 100 W.
170m torr, 0.5 minute.
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Figure 6. - AES peak to peak signal versus sputter time for
ion beam deposited BN film on Si. The ion beam energy
. is 150 eV and the deposition temperature is 200 °C.
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Figure 7. - Reflection R "and transmission T versus wavenumber
u for ion beam deposited BN film on SL Deposition temperature
200 °C, ion beam energy 150 eV. .
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Figure 8. - Taur. plot (o£) V2 versus E for ion beam deposited.
BN film on quartz. Deposition temperature 200 °C, ion beam
energy 150 eV.
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Figure 9. - Refractive index n versus wavelength X for ion beam
deposited BN films on Si at 2 substrate temperatures.
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